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(57) ABSTRACT

There is provided a sample analysis element capable of unit-
ing a propagating surface plasmon resonance with a localized
surface plasmon resonance while increasing the surface den-
sity of the hot spots. The sample analysis element is provided
with a plurality of metal nanobody lines. Each of the metal
nanobody lines includes a plurality of metal nanobodies
arranged in a line on a dielectric surface at a first pitch smaller
than a wavelength of incident light, and the plurality of metal
nanobody lines is arranged in parallel to each other at a
second pitch larger than the first pitch.
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SAMPLE ANALYSIS ELEMENT AND
DETECTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase Application of
PCT/IP2013/002503, filed on Apr. 12,2013, and published in
Japanese as WO 2013/157233 Al on Oct. 24, 2013. This
application claims priority to Japanese Application No. 2012-
094519, filed on Apr. 18, 2012. The entire disclosures of the
above applications are incorporated herein by reference.

TECHNICAL FIELD

The invention relates to a sample analysis element pro-
vided with metal nanobodies such as metal nanoparticles or
metal nano-projections, and a detection device or the like
using such a sample analysis element.

BACKGROUND ART

There is known a sample analysis element using localized
surface plasmon resonance (LSPR). Such a sample analysis
element is provided with, for example, metal nanobodies
distributed on a dielectric surface, namely a metal nanostruc-
ture. The metal nanostructure is formed to be sufficiently
smaller than the wavelength of excitation light, for example.
When the metal nanoparticles are irradiated with the excita-
tion light, all electrical dipoles are aligned, and thus an
enhanced electrical field is induced. As a result, near-field
light is generated on the surface of the metal nanostructure.
So-called hot spots are formed.

InYizhuo Chu et al., “Experimental study of the interaction
between localized and propagating surface plasmons,”
OPTICS LETTERS, U.S,, Feb. 1, 2009, Vol. 34, No. 3, pp.
244-246, the metal nanostructure is arranged at a predeter-
mined pitch forming a grid pattern. If the dimension of the
pitch is set to a specific numerical value, a propagating sur-
face plasmon resonance (PSPR) is caused based on an eva-
nescent wave. The propagating surface plasmon resonance
unites with the localized surface plasmon resonance. A so-
called hybrid mode is established. In such a manner as
described above, the localized surface plasmon resonance is
enhanced by the propagating surface plasmon resonance, and
thus, the near-field light is enhanced on the surface of the
metal nanostructure.

SUMMARY OF INVENTION
Technical Problem

The sample analysis element can be used for a detection
device of a target substance. As disclosed in Yizhuo Chuetal.,
if the pitch is set at the wavelength of the evanescent wave
causing the propagating surface plasmon resonance, the sur-
face density of the hot spots is remarkably lowered on the
dielectric surface, and it is hard for the target substance to
adhere to the hot spots.

According to at least one of the aspects of the invention, it
is possible to provide the sample analysis element capable of
uniting the localized surface plasmon resonance with the
propagating surface plasmon resonance while increasing the
surface density of the hot spots.

Solution to Problem

(1) An aspect of the invention relates to a sample analysis
element including a plurality of metal nanobody lines dis-
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2

posed on a dielectric surface, each of the metal nanobody
lines including a plurality of metal nanobodies arranged in a
line at a first pitch smaller than a wavelength of incident light,
and the metal nanobody lines are arranged in parallel to each
other at a second pitch larger than the first pitch.

The localized surface plasmon resonance is caused in the
metal nanobodies by action of the incident light. By action of
the pitch (the second pitch) of the metal nanobody lines, the
propagating surface plasmon resonance is caused based on
the evanescent wave. The propagating surface plasmon reso-
nance unites with the localized surface plasmon resonance. A
so-called hybrid mode is established. In such a manner as
described above, the localized surface plasmon resonance is
enhanced by the propagating surface plasmon resonance, and
thus, the near-field light is enhanced on the surfaces of the
metal nanobodies. So-called hot spots are formed. Moreover,
since the plurality of metal nanobodies is disposed in each of
the metal nanobody lines, the surface density of the metal
nanobodies is increased compared to the case in which the
metal nanobodies are arranged at the pitch of resonating with
the incident light. Therefore, the surface density of the hot
spots is increased.

(2) A region including no metal nanobody is formed
between the metal nanobody lines. Specifically, in a space
separated by the dielectric surface and an imaginary plane
parallel to the dielectric surface and having contact with the
top surfaces of the metal nanobodies, a space between the
metal nanobody lines adjacent to each other is filled with an
insulating body (including a space). In other words, the metal
material is excluded from the space between the metal nano-
body lines adjacent to each other in that space.

(3) The sample analysis element can be provided with a
metal film, and a dielectric body extending on a surface of the
metal film to form the dielectric surface. If the dipoles face to
the same direction between the metal of the metal film and the
metal of the metal nanobodies, the localized electrical field
resonance is caused, and the near-field light is enhanced on
the surfaces of the metal nanobodies. Similarly, if the dipoles
face to directions opposite to each other between the metal of
the metal film and the metal of the metal nanobodies, the
localized electrical field resonance is caused, and the near-
field light is enhanced on the surfaces of the metal nanobod-
ies.

(4) The second pitch can be set to a dimension for estab-
lishing a first-order minimum of reflectance at a wavelength
shorter than a resonance wavelength of a localized surface
plasmon resonance generated in the metal nanobodies, and
further establishing a higher-order minimum than the first-
order at a wavelength longer than the resonance wavelength
of the localized surface plasmon resonance. If the second
pitch is set as described above, the reflectance is significantly
reduced at a specific wavelength. As a result, the propagating
surface plasmon surely unites with the localized surface plas-
mon. The near-field light is surely enhanced on the surfaces of
the metal nanobodies.

(5) Such a sample analysis element as described above can
be used while being incorporated in a detection device. The
detection device can include the sample analysis element, a
light source adapted to emit light toward the metal nanobody
lines, and a light detector adapted to detect light emitted from
the metal nanobody lines in accordance with irradiation with
the light.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view schematically showing a
sample analysis element according to an embodiment of the
invention.
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FIGS. 2(a) and 2(b) are a plan view and a side view,
respectively, showing a unit of a simulation model.

FIGS. 3(a), 3(b) and 3(c) are plan views of a model accord-
ing to the present embodiment, a first comparison model, and
a second comparison model, respectively, of the simulation
model.

FIG. 4 is a graph showing a wavelength dependency of the
reflectance of the first comparative model.

FIG. 5 is a graph showing a wavelength dependency of the
reflectance of a first model.

FIG. 6 is a graph showing a wavelength dependency of the
reflectance of a second model.

FIG. 7 is a graph showing a wavelength dependency of the
reflectance of a third model.

FIG. 8 is a graph showing a wavelength dependency of the
reflectance of a fourth model.

FIG. 9 is a graph showing a wavelength dependency of the
reflectance of a fifth model.

FIG.10is a graph showing a wavelength dependency of the
reflectance of a sixth model.

FIG. 11 is a graph showing a wavelength dependency of the
reflectance of a seventh model.

FIG. 12 is a graph showing a distribution relationship
formed based on minimums of the reflectance shown in FIGS.
5 through 11.

FIG. 13 is a graph showing a wavelength dependency of the
maximum value of the electrical field intensity in the third
model, the fifth model, and the first and second comparative
models model by model.

FIG. 14 is a conceptual diagram schematically showing a
configuration of a target molecule detection device.

DESCRIPTION OF EMBODIMENT

Hereinafter, an embodiment of the invention will be
explained with reference to the accompanying drawings. It
should be noted that the present embodiment explained below
does not unreasonably limit the content of the invention as set
forth in the appended claims, and all of the constituents
explained in the present embodiment are not necessarily
essential as means for solving the problem according to the
invention.

(1) Structure of Sample Analysis Element

FIG. 1 schematically shows a sample analysis element 11
according to an embodiment of the invention. The sample
analysis element 11 is provided with a substrate 12. The
substrate 12 is formed of, for example, a dielectric body. As
the dielectric body, glass can be used for example.

On the surface of the substrate 12, there is formed a metal
film 13. The metal film 13 is formed of metal. The metal film
13 can be formed of, for example, gold. The metal film 13 is
formed on, for example, the entire surface of the substrate 12
continuously. The film thickness of the metal film 13 can be
set to a value equal to or larger than, for example, about 100
nm.
On the surface of the metal film 13, there is formed a
dielectric film (dielectric body) 14. The dielectric film 14 is
formed of a dielectric body. The dielectric film 14 can be
formed of an oxide film such as silicon dioxide (SiO,). The
dielectric film 14 is formed on, for example, the entire surface
of the metal film 13 continuously. The film thickness of the
dielectric film 14 can be set to about 40 nm.

On the surface of the dielectric film 14, there are formed
metal nano-projections (metal nanobodies) 15. The metal
nano-projections 15 are distributed on the surface of the
dielectric film 14. The metal nano-projections 15 are formed
of'metal. The metal nano-projections 15 can be formed of, for
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4

example, silver. Besides the above, in forming the metal
nano-projections 15, gold or aluminum can also be used.
Each of the metal nano-projections 15 is formed to be a prism.
The horizontal cross-sectional surface of the prism is formed
to be, for example, a square. The length of a side of the square
can be set to, for example, about 1 through 1000 nm. The
height (from the surface ofthe dielectric film) of the prism can
be set to, for example, about 10 through 100 nm. The hori-
zontal cross-sectional surface of the prism can be formed to
be a polygon other than a square. The metal nano-projections
15 can also be formed to be a three-dimensional shape such as
a cylinder.

The metal nano-projections 15 form metal nano-projection
lines (metal nanobody lines) 16. In each of the metal nano-
projection lines 16, the metal nano-projections 15 are
arranged in a line on the surface of the dielectric surface 14 at
ashort pitch SP (a first pitch). The metal nano-projection lines
16 extend in a first direction SD. The short pitch SP is set to be
smaller than the wavelength of the incident light.

The metal nano-projection lines 16 are arranged in parallel
at a long pitch LP (a second pitch) in a second direction DR
intersecting with the first direction SD. Here, the second
direction DR is perpendicular to the first direction SD in an
imaginary plane including the surface of the dielectric film
14. The long pitch LP is set to be larger than at least the short
pitch SP. Preferably, the long pitch LP is set to be roughly
equal to a peak wavelength of the localized plasmon reso-
nance generated at the short pitch SP. As described later, the
dimension of the long pitch LP is set in accordance with the
wave number of the evanescent wave.

Between the metal nano-projection lines 16, there are
formed nonmetallic regions (regions not including the metal
nanobody) 17 not including the metal nano-projection. Spe-
cifically, in a space sandwiched by an imaginary plane includ-
ing bottom surfaces of the metal nano-projections 15 and an
imaginary plane including top surfaces of the metal nano-
projections 15, a space between the metal nano-projection
lines 16 adjacent to each other is filled with an insulating body
(including a space). In other words, the metal material is
excluded from the space between the metal nano-projection
lines 16 adjacent to each other in that space. Here, the surface
of the dielectric film 14 is exposed in the space between the
metal nano-projection lines 16.

In the sample analysis element 11, the size of each of the
metal nano-projections 15 is set to be sufficiently smaller than
the wavelength of the incident light. As a result, the localized
surface plasmon resonance (LSPR) is caused in the metal
nano-projections 15 by action of the incident light. In addi-
tion, if the polarization plane of the incident light is adjusted
to the second direction DR, the propagating surface plasmon
resonance (PSPR) is caused based on the evanescent wave in
accordance with the setting of the long pitch LP. The propa-
gating surface plasmon resonance unites with the localized
surface plasmon resonance in the metal nano-projections 15.
A so-called hybrid mode is established. In such a manner as
described above, the localized surface plasmon resonance is
enhanced by the propagating surface plasmon resonance, and
thus, the near-field light is enhanced on the surfaces of the
metal nano-projections 15. So-called hot spots are formed.
Moreover, since the pitch of the metal nano-projections 15 is
set to the short pitch SP smaller than the long pitch LP in each
of the metal nano-projection lines 16, the surface density of
the metal nano-projections 15 is increased compared to the
case in which the pitch of the metal nano-projections 15 is set
to the long pitch LP. The surface density of the hot spots is
increased.
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In this sample analysis element 11, the long pitch LP is set
to a dimension for establishing a first-order minimum of the
reflectance at a wavelength shorter than the resonance wave-
length of the localized surface plasmon resonance generated
in the metal nano-projections 15 and further establishing
higher-order minimums than the first order at a wavelength
longer than the resonance wavelength of the localized reso-
nance plasmon resonance. If the long pitch LP is set as
described above, the reflectance is significantly reduced at a
specific wavelength. As a result, the propagating surface plas-
mon surely unites with the localized surface plasmon. The
near-field light is surely enhanced on the surfaces of the metal
nano-projections 15.

(2) Verification of Electrical Field Intensity

The inventors verified the electrical field intensity of the
sample analysis element 11. In the verification, simulation
software of Finite-Difference Time-Domain (FDTD) method
is used. As shown in FIG. 2(a) and FIG. 2(5), the inventors
built a unit of a simulation model based on Yee Cell. In the
unit, there was formed the metal film 13, 120 nm on a side. To
the metal film 13, gold was set. On the metal film 13, there
was formed the dielectric film 14. To the dielectric film 14,
silicon dioxide (SiO,) was set. The film thickness of the
dielectric film 14 was set to 40 nm. On the dielectric film 14,
there was formed the metal nano-projection 15, 80 nm on a
side. To the metal nano-projection 15, silver was set. The
height (from the surface of the dielectric film 14) of the metal
nano-projection 15 was set to 20 nm.

As shown in FIG. 3(a), a single metal nano-projection line
16 was formed by a line of units, namely the metal nano-
projections 15. A plurality of metal nano-projection lines 16
were arranged in parallel to each other. The long pitch LP was
set in an x-axis direction between the metal nano-projection
lines 16. In the first through seventh models, the long pitch LP
was set to 240 nm, 360 nm, 480 nm, 550 nm, 600 nm, 720 nm,
and 840 nm, respectively. As a result, between the metal
nano-projection lines 16, there was formed the nonmetallic
region 17 with a line of void units. The void unit was formed
of'a void, 120 nm on a side. The electrical field intensity Ex
was calculated in the leading metal nano-projection 15. There
was set “peripheral refractive index ns=1.” The incident light
as linearly polarized light was set. The polarization plane was
adjusted to the x-axis direction. The incident light was set to
normal incidence. In the metal nano-projection 15, the elec-
trical field was concentrated along a ridge line perpendicular
to the surface of the dielectric film 14.

As shown in FIG. 3(b), the inventors prepared a first com-
parative model. In the first comparative model, the nonmetal-
lic regions 17 were eliminated. In other words, the metal
nano-projection lines 16 were not set. Simply, the metal nano-
projections 15 were arranged in a grid pattern at the short
pitch SP. Similarly to the above, the electrical field intensity
Ex was calculated in selected one of the metal nano-projec-
tions 15. Similarly, as shown in FIG. 3(c¢), the inventors pre-
pared a second comparative model. In the second compara-
tive model, a pitch of 600 nm was set between the metal
nano-projections 15 in each of the first direction DR and the
second direction SD.

FIG. 4 shows a wavelength dependency of the reflectance
of the first comparative model. FIGS. 5 through 11 show
wavelength dependencies of the reflectance of the first
through seventh models. In the case in which a localized
electrical field resonance occurs, a drop of the reflectance is
observed. It is conceivable that the dipoles face to the same
direction in gold (Au) and silver (Ag) at the minimum (cor-
responding to the first-order minimum) appearing at a high
frequency, and it is conceivable that the dipoles of gold (Au)
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and silver (Ag) face to opposite directions at the minimum
(corresponding to the high-order minimum higher than the
first order) appearing at a frequency lower than that of the
first-order minimum. As shown in FIGS. 5 and 6, in the first
model and the second model, the second-order minimum was
observed around the wavelengths of 683 nm and 696 nm,
respectively. As shown in FIGS. 7 through 9, in the third
through fifth models, the first-order minimum was observed
at the wavelengths of 555 nm, 590 nm, and 620 nm, respec-
tively, and the second-order minimum was observed at the
wavelengths of 715 nm, 730 nm, and 745 nm, respectively. In
the third model, the reflectance stood at roughly “0 (zero)” at
the wavelength of 715 nm. In the fourth model, the reflectance
approached roughly “0” at the wavelengths of 590 nm and
730 nm. In the fifth model, the reflectance stood at roughly
“0” at the wavelength of 620 nm.

FIG. 12 shows a distribution relationship formed from the
minimums of the reflectance in the respective models. The
wavelength (=683 nm) appearing in common to the plurality
of'long pitches LP corresponds to the resonance wavelength
of the localized surface plasmon resonance. This is because
the gradient of the distribution relationship represents the
moving speed of the propagating plasmon, the gradient of the
angular frequency showing the high-order minimum in the
first model (LP=240 nm) stands at 0 (zero), and similarly, the
gradient of the angular frequency showing the first-order
minimum in the sixth model (LP=720 nm) and the seventh
model (LP=840 nm) stands at 0 (zero). The resonance wave-
length of the localized surface plasmon resonance can be
determined in accordance with the volume of the metal nano-
projections 15 and the film thickness of the dielectric film 14.
Further, it is conceivable that the wavelength showing the
minimum of the reflectance other than the resonance wave-
length (=683 nm) of the localized surface plasmon for each of
the long pitches LP is mainly the propagating surface plas-
mon. This is a result of the fact that the interaction between
the metal nano-projections 15 increases as the lines of the
metal nano-projections 15 per unit area increase, and thus the
red-shift, namely the shift toward the long wavelength side, of
the resonance wavelength occurs. The shift toward the long
wavelength side, or the red-shift of the resonance peak wave-
length represents the strength of the interaction between the
metal nano-projections 15. The Anti-Crossing Behavior
(known as an index of the hybrid mode) was observed simi-
larly to Yizhuo Chu et al., based on the wavelength of 683 nm
and the distribution relationship curve of the propagating
surface plasmon resonance of gold Au (ns=1).

FIG. 13 similarly shows a wavelength dependency of the
electrical field intensity Ex. Here, the maximum value of the
electrical field intensity Ex was identified. In calculating the
maximum value, the third through sixth models, the first
comparative model, and the second comparative model were
used. As is obvious from FIG. 13, in the third through fifth
models, larger maximum values compared to the first com-
parative model were observed in accordance with the forma-
tion of the metal nano-projection lines 16. In particular, in the
fourth model and the fifth model, larger maximum values than
in the first comparative model and the second comparative
model were observed. On this occasion, it is observed that in
the fourth model and the fifth model, the surface density of the
metal nano-projections 15 is higher compared to the second
comparative model. As is obvious from FIGS. 8 and 9, the
long pitch LP of each of the fourth model and the fifth model
corresponds to a dimension for establishing a first-order mini-
mum of the reflectance at a wavelength shorter than the reso-
nance wavelength of the localized surface plasmon resonance
generated in the metal nano-projections 15 and further estab-
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lishing higher-order minimums than the first order at a wave-
length longer than the resonance wavelength of the localized
surface plasmon resonance.

(3) Manufacturing Method of Sample Analysis Element

The sample analysis element 11 can be manufactured using
a known manufacturing method. Specifically, in the manu-
facture of the sample analysis element 11, a glass wafer is
prepared. On the surface of the glass wafer, there are stacked
a gold film and a silicon dioxide film in sequence. In stacking,
it is sufficient to use, for example, a plating process or a
sputtering process. A stacked film is formed on the entire
surface of the silicon dioxide film with the material of the
metal nano-projections 15. On the surface of the stacked film,
there is formed a mask modeled on the metal nano-projec-
tions 15. It is sufficient to use, for example, a photoresist for
the mask. When the stacked film is removed in the periphery
of the mask, the individual metal nano-projections 15 are
formed from the stacked film. In such formation, it is suffi-
cient to perform an etching process and a milling process. The
individual substrate 12 is carved out from the glass wafer.
(4) Detection Device According to Embodiment

FIG. 14 schematically shows a target molecule detection
device (detection device) 31 according to an embodiment.
The target molecule detection device 31 is provided with a
sensor unit 32. To the sensor unit 32, an introductory passage
33 and a discharge passage 34 are individually connected. A
gas is introduced from the introductory passage 33 to the
sensor unit 32. The gas is discharged from the sensor unit 32
to the discharge passage 34. A filter 36 is disposed in a
passage entrance 35 of the introductory passage 33. The filter
36 can remove, for example, dust and moisture in the gas. A
suction unit 38 is disposed in a passage exit 37 of the dis-
charge passage 34. The suction unit 38 is formed of a blast
fan. In accordance with the action of the blast fan, the gas
flows through the introductory passage 33, the sensor unit 32,
and the discharge passage 34 in sequence. In such a flow
channel of the gas, shutters (not shown) are disposed at ante-
rior and posterior positions of the sensor unit 32. In accor-
dance with the open-close operation of the shutters, the gas
can be confined in the sensor unit 32.

The target molecule detection device 31 is provided with a
Raman scattered light detection unit 41. The Raman scattered
light detection unit 41 irradiates the sensor unit 32 with irra-
diation light to detect the Raman scattered light. The Raman
scattered light detection unit 41 incorporates a light source
42. A laser source can be used for the light source 42. The
laser source can radiate a laser beam, which is linearly polar-
ized light, and has a specific wavelength (a single wave-
length).

The Raman scattered light detection unit 41 is provided
with a light receiving element 43. The light receiving element
43 can detect, for example, the intensity of the light. The light
receiving element 43 can output a detection current in accor-
dance with the intensity of the light. Therefore, the intensity
of'the light can be identified in accordance with the magnitude
of the current output from the light receiving element 43.

An optical system 44 is built between the light source 42
and the sensor unit 32, and between the sensor unit 32 and the
light receiving element 43. The optical system 44 forms an
optical path between the light source 42 and the sensor unit
32, and at the same time, forms an optical path between the
sensor unit 32 and the light receiving element 43. The light of
the light source 42 is guided to the sensor unit 32 by action of
the optical system 44. The reflected light of the sensor unit 32
is guided to the light receiving element 43 by action of the
optical system 44.
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The optical system 44 is provided with a collimator lens 45,
a dichroic mirror 46, a field lens 47, a collecting lens 48, a
concave lens 49, an optical filter 51, and a spectroscope 52.
The dichroic mirror 46 is disposed, for example, between the
sensor unit 32 and the light receiving element 43. The field
lens 47 is disposed between the dichroic mirror 46 and the
sensor unit 32. The field lens 47 collects the parallel light
supplied from the dichroic mirror 46, and then guides it to the
sensor unit 32. The reflected light of the sensor unit 32 is
converted by the field lens 47 into parallel light, and is then
transmitted through the dichroic mirror 46. Between the dich-
roic mirror 46 and the light receiving element 43, there are
disposed the collecting lens 48, the concave lens 49, the
optical filter 51, and the spectroscope 52. The optical axes of
the field lens 47, the collecting lens 48, and concave lens 49
are concentrically adjusted. The light collected by the collect-
ing lens 48 is converted again into parallel light by the con-
cave lens 49. The optical filter 51 removes the Rayleigh
scattered light. The Raman scattered light passes through the
optical filter 51. The spectroscope 52 selectively transmits,
for example, the light with a specific wavelength. In such a
manner as described above, in the light receiving element 43,
the intensity of the light is detected at each of the specific
wavelengths. An etalon, for example, can be used for the
spectroscope 52.

The optical axis of the light source 42 is perpendicular to
the optical axes of the field lens 47 and the collecting lens 48.
The surface of the dichroic mirror 46 intersects with these
optical axes at an angle of 45 degrees. Between the dichroic
mirror 46 and the light source 42, there is disposed the colli-
mator lens 45. In such a manner as described above, the
collimator lens 45 is made to face the light source 42. The
optical axis of the collimator lens 45 is adjusted to be coaxial
with the optical axis of the light source 42.

The target molecule detection device 31 is provided with a
control unit 53. To the control unit 53, there are connected the
light source 42, the spectroscope 52, the light receiving ele-
ment 43, the suction unit 38, and other equipment. The con-
trol unit 53 controls the operations of the light source 42, the
spectroscope 52, and the suction unit 38, and at the same time,
processes the output signal of the light receiving element 43.
To the control unit 53, there is connected a signal connector
54. The control unit 53 can exchange signals with the outside
through the signal connector 54.

The target molecule detection device 31 is provided with a
power supply unit 55. The power supply unit 55 is connected
to the control unit 53. The power supply unit 55 supplies the
control unit 53 with operating power. The control unit 53 can
operate with the power supplied from the power supply unit
55. For example, a primary battery and a secondary battery
can be used for the power supply unit 55. The secondary
battery can include, for example, a power supply connector
56 for recharging.

The control unit 53 is provided with a signal processing
control section. The signal processing control section can be
formed of, for example, a central processing unit (CPU), and
a storage circuit such as a random access memory (RAM) or
aread-only memory (ROM). In the ROM, there can be stored,
for example, a processing program and spectrum data. The
spectrum of the Raman scattered light of the target molecule
is identified with the spectrum data. The CPU executes the
processing program while temporarily taking the processing
program and the spectrum data in the RAM. The CPU com-
pares the spectrum of the light identified by action of the
spectroscope and the light receiving element with the spec-
trum data.
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The sensor unit 32 is provided with a sensor chip 11. The
sensor chip 11 is made to face a substrate 58. Between the
sensor chip 11 and the substrate 58, there is formed a gas
chamber 59. The gas chamber 59 is connected to the intro-
ductory passage 33 at an end, and is connected to the dis-
charge passage 34 at the other end. The metal nano-projec-
tions 15 are disposed inside the gas chamber 59. The light
emitted from the light source 42 is converted by the collimator
lens 45 into the parallel light. The light of the linear polarized
light is reflected by the dichroic mirror 46. The light thus
reflected is collected by the field lens 47, and the sensor unit
32 is irradiated with the light thus collected. On this occasion,
the light can be input in a vertical direction perpendicular to
the surface of the sensor chip 11. So-called normal incidence
can be established. The polarization plane of the light is
adjusted to be parallel to a protruded bar 14. The localized
surface plasmon resonance is caused in the metal nano-pro-
jections 15 by action of the light irradiated. The near-field
light is enhanced between the metal nano-projections 15.
So-called hot spots are formed.

On this occasion, if the target molecules adhere to the metal
nano-projections 15 at the hot spots, the Rayleigh scattered
light and the Raman scattered light are generated from the
target molecules. So-called surface-enhanced Raman scatter-
ing is realized. As a result, the light is emitted toward the field
lens 47 with the spectrum corresponding to the type of the
target molecule.

In such a manner as described above, the light emitted from
the sensor unit 32 is converted by the field lens 47 into the
parallel light, and then passes through the dichroic mirror 46,
the collecting lens 48, the concave lens 49, and the optical
filter 51. The Raman scattered light enters the spectroscope
52. The spectroscope 52 disperses the Raman scattered light.
In such a manner as described above, the light receiving
element 43 detects the intensity of the light at each of the
specific wavelengths. The spectrum of the light is compared
with the spectrum data. The target molecule can be detected in
accordance with the spectrum of the light. In such a manner as
described above, the target molecule detection device 31 can
detect the target substance such as adenovirus, rhinovirus,
HIV virus, or flu virus based on the surface-enhanced Raman
scattering.

It should be noted that although the present embodiment is
hereinabove explained in detail, it should easily be under-
stood by those skilled in the art that it is possible to make a
variety of modifications not substantially departing from the
novel matters and the advantages of the invention. Therefore,
such modified examples are all included in the scope of the
invention. For example, a term described at least once with a
different term having a broader sense or the same meaning in
the specification or the accompanying drawings can be
replaced with the different term in any part of the specifica-
tion or the accompanying drawings. Further, the configura-
tions and the operations of the sample analysis element 11,
the target molecule detection device 31, and so on are not
limited to those explained in the present embodiment, but can
variously be modified.
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The invention claimed is:

1. A sample analysis element comprising:

a plurality of metal nanobody lines disposed on a dielectric
surface, each of the metal nanobody lines including a
plurality of metal nanobodies arranged in a line at a first
pitch smaller than a wavelength of incident light,

and the metal nanobody lines are arranged in parallel to
each other at a second pitch larger than the first pitch;

wherein the second pitch is set to a dimension for estab-
lishing a first-order minimum of reflectance at a wave-
length shorter than a resonance wavelength of a local-
ized surface plasmon resonance generated in the metal
nanobodies, and further establishing a higher-order
minimum than the first-order at a wavelength longer
than the resonance wavelength of the localized reso-
nance plasmon resonance.

2. The sample analysis element according to claim 1,

wherein

a region including no metal nanobody is formed between
the metal nanobody lines.

3. The sample analysis element according to claim 2, fur-

ther comprising:

a metal film; and

a dielectric body extending on a surface of the metal film to
form the dielectric surface.

4. A detection device comprising:

the sample analysis element according to claim 3;

a light source adapted to emit light toward the metal nano-
body lines; and

a light detector adapted to detect light emitted from the
metal nanobody lines in accordance with irradiation
with the light.

5. A detection device comprising:

the sample analysis element according to claim 3;

a light source adapted to emit light toward the metal nano-
body lines; and

a light detector adapted to detect light emitted from the
metal nanobody lines in accordance with irradiation
with the light.

6. A detection device comprising:

the sample analysis element according to claim 2;

a light source adapted to emit light toward the metal nano-
body lines; and

a light detector adapted to detect light emitted from the
metal nanobody lines in accordance with irradiation
with the light.

7. A detection device comprising:

the sample analysis element according to claim 1;

a light source adapted to emit light toward the metal nano-
body lines; and

a light detector adapted to detect light emitted from the
metal nanobody lines in accordance with irradiation
with the light.



